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SUMMARY 
1. Attempts were made to ''fix'' nicotine sulfate with bentonite 
for a period of time sufficiently long to make it effective as a spray 
in codlin.g moth control. 
2. Due to the light infestation, the protection against codling moth 
was not conclusive evidence. The nicotine sulfate bentonite (dry-
mix) combination, especially when some sticking and spreading agent 
was used, gave good protection against codling moth, even when the 
lead arsenate calyx spray was omitted. 
3. The lead and arsenic trioxide carried in the residue at hanest 
were well below the respective tolerance limits. 
4. Black Leaf 155 did not give a very noticeable residue on the 
fruit and foliage, neither did dry-mix nicotine-bentonite preparation. 
5. So conspicuous was the residue on the fruit and foliage when 
sprayed with nicotine sulfate bentonite (wet-mix) as to make brush-
ing or washing of fruit necessary. 
6. Magnesium sulfate, as it was applied, was ineffective in the con-
trol of codling moth and Colorado potato beetles but seemed more 
effective in the control of corn ear worms. 
7. Paradichlorobenzene and beta-naphthol emulsions were applied 
to codling moth in the cocoon stage. Larvae in the cocoons "·ere aliw 
after tn1 days' exposure. 'l'hese materials were too injurious to grmY-
jng plant tissue to he used as spra~- materials. 
Substitute Spray Materials 
S. A. McCRORY AND C. G. VrnsoN. 
Spray materials now in common use fall far short of being ideal. 
Some are quite injurious and some are ineffective, ·while others al-
though satisfactory may leave a residue which must be removed. Ex-
periments have been conducted to determine the value of some ma-
terials not so commonly used as sprays. 
Nicotine has long been valued as a contact spray in the control of 
many insects. Due to its rapid volatilization, it can not be expected 
to remain effective long enough to give adequate protection against 
insects unless combined with something to reduce its volatility. 
'l'he work of Vinson5* indicated the value of Lloyd's reagent as a 
means of reducing volatilization of nicotine, but Lloyd's reagent is 
too expensive to be used on a commercial basis. Therefore, a number 
of other siliceous earths were tested for their ability to adsorb nicotine. 
Materials tested were bentonite,~· ·1 infusorial earth, fuller's earth, 
celite and kaolin. Uniform amounts of these materials were mixed 
with nicotine sulfate and water (1-800) and agitated for thirty 
minutes on a shaking machine, after which a centrifug·e was used 
to separate the liquid from the solid particles. The nicotine remain-
ing in the solution, as estimated from the nitrogen content, represented 
the amount not adsorbed. The following is an average of six such de-
terminations. The materials are ranked according to their ability to 
adsorb nicotine sulfate from the 1-800 solution of nicotine sulfate in 
water. 
Per Cent Nicotine 
Material Sulfate Adsorbed 
Lloyd's reagent....... . ...................... . . . . 7~64 
Bentonite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68.42 
Infusorial earth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26.00 
Fuller's earth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24.00 
Celite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.00 
Kaolin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.00 
Since the difference in adsorbing ability of I...;loyd 's reagent and 
bentonite was not great, and since bentonite is relatively inexpensive, 
the latter was selected as the material to nse. 
In determining the amount o.f bentonite required to adsorb a given 
amount of 11icotine sulfate from a 1-800 aqueous solution, the same 
procedure as described above was nsfcl. B? varying the quantity of 
•see list of reference's on page 11. 
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bentonite, it was found that maximum nicotine adsorption was ob-
tained when a little more than five pounds of bentonite were used to 
the hundred gallons of 1-800 nicotine spray solution. This nicotine-
bentonite combination was used as a spray against codling moth 
during the season of 1937. Applications were made at ten-day to two-
week intervals. 
A review of the literature1 indicated that some sticking and spread-
ing agent might aid in the retention of the nicotine on the fruit and 
foliag·e. Therefore, whole milk powder used at the rate of one pound 
per hundred gallons; diglycol laurate, one pint per hundred gallons; 
summer oil, one-half gallon to the hundred gallons; wheat paste, five 
pounds to the hundred gallon; and :floor seal, one-half gallon to the 
hundred gallons used with IN-438 as an emulsifying agent, ·were all 
used as sticking and spreading agents. These materials were applied 
to the different trees with the nicotine sulfate bentonite combination.• 
Black Leaf 155 was used on other trees. It is a commercial prepara-
tion of nicotine and bentonite and carries a sticking and spreading 
agent. Black Leaf 155 was applied according to the manufacturer ''s 
recommendations, eight pounds to the hundred gallons of spray ma-
terials. 
Bentonite is difficult to mix with water and much time was required 
in its preparation. To accomplish this a pint of nicotine sulfate was 
mixed with enough water to wet five pounds of bentonite and form a 
thin paste-like mixture. An electric mixer was used for this purpose. 
When sticking and spreading agents were used they wi:;re added at 
this time. This material was prepared the day before it was to be 
applied and at spraying time was washed directly into the spray tank. 
An objectionable feature of the nicotine sulfate bentonite combina-
tion was the conspicuous residue. The residue was more noticeable 
when some sticking and spreading agent was used. This gave such a 
noticeable covering on the fruit that brushing or washing was neces-
sary to render the fruit suitable for market. 
Eventually it was found that nicotine sulfate could be readily 
mixed with bentonite in the dry condition. No water was required in 
the mixing process. This dry-mix nicotine bentonite readily dispersed 
when added in the dry condition to the spray tank and produced a 
stable suspension. This method proved much more satisfactory in ease 
of manipulation and saving of time. The residue on fruit and foliage 
produced by the dry-mix method was inconspicuous even when com-
*Whe'at paste (Jellitac) furnished by Arthur S. Hoyt Co., New York. Summer Oil 
(Calumet White) by Standard Oil Co., New Jersey. IN-438 by Grasselli Chemical Co., 
Cleveland, Ohio. 
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bined with any of the sticking and spreading· agents. This incon-
spicuous residue was like that resulting from the use of Black Leaf 
155, and in great contrast to the highly apparent residue resulting 
from the wet-mix preparation. 
Time of Spraying and Materials Used 
Calyx spray, May 8.-Flotation sulfur for all trees. Lead arsenate 
for all trees except No. 1, 2 and 3. 
First cover spray, May 25.-Flotation sulfur for all trees except No. 
4. All trees received spray as described in Table 1. 
Second cover spray, June 6.-All trees received spray ·as listed in 
Table 1. 
Third cover spray, June 18.-All trees received spray as listed in 
Table 1. 
Fourth cover spray, July 7.-All trees received sprays as listed in 
Table 1. 
Relative Control of Codling Moth 
Bait traps placed in the trees during April, May and .June showed 
codling moth were present but evidently in small numbers.* On ,July 
17, codling moth injury was estimated by examining the fruits on a 
measured area of the tree. A final count was made at the time of 
harvest. 
Trees receiving no insecticide showed 71 per cent of fruit clean on 
July 17 and 76 per cent at harvest time. The difference was due in 
part to dropping of i1(jured fruit. The final count was more accurate, 
since a more nearly representative sample was obtained. All the 
fruits in some cases were counted. Other data on the insecticides 
used are given in Table 1. Due to variety difference, and the amount 
of fruit the different trees carried, some variation in the percentage 
of clean fruit may have been due to reasons other than that of in-
secticide used. Nicotine sulfate bentonite, in every combination with 
spreaders with which it was used, gave a greater percentage of clean 
fruit than did lead arsenate. The use of a sticking- and spreading 
ag·ent increased its effectiveness. Nicotine sulfate bentonite mixture 
and Black Leaf 155 were about equal in their eontl'ol of eodling moth, 
as shown in Table 1. 
Foliage Injury 
Foliage injury was noticeable on all trees. This was thought to be 
due to mechanical injury more than chemical. A spray gun was 
lJSed in applying the sprays. The first application of oil was followed 
*By courtesy of Mr. H. E. Brown. Department of Entomology, University of Missouri. 
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2 
4 
6 
7 
8 
9 
10 
11 
i2 
13 
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TABLE 1.-RELATIVE CONTROL OF CODLING MOTH. 
Material used 
per 100 Gal. 
Nicotine sulfate 
(1-800) bentonite 
5 lbs. 
Nicotine sulfate· 
(1-800) bentonite 
Milk powder 1 lb. 
Nicotine sulfate 
<I-800) bentonite 
Diglycol laurate 
1 pt. 
Lead arsenate calyx 
Nicotine sulfate 
(1-800) bentonite 
One-half per cent 
Summer Oil 
Lead arsenate calyx 
Nicotine' sulfate 
0-800) bentonite 
Wheat paste 5 lbs. 
Variety 
Ben Davis 
Ben Davis 
York 
Imperial 
Dr. Paillon 
Stayman 
Winesap 
Lead arsenate calyx Winesap 
Nicotine sulfate' 
(1-800) bentonite 
Lead arsenate calyx King David 
Nicotine sulfate 
(1-800) bentonite 
Diglycol laurate 
1 pt. 
Le'ad arsenate calyx York 
Nicotine sulfate Imperial 
(1-800) bentonite 
Milk powder 1 lb. 
Lead arsenate calyx Golden 
Nicotine sulfate Winesap 
<I-800) bentonite 
Floor seal >ho/o 
Lead arsenate calyx Delicious 
Black Leaf 155 8 lbs. 
Lead arsenate calyx Mcintosh 
Magnesium sulfate 
12lh lbs. 
Wheat paste 5 lbs. 
Lead arsenate Golde·n 
Delicious 
Check Jonathan 
Per 
Cent 
Stings 
l.08 
.76 
.98 
.75 
0.0 
.97 
0.0 
0.0 
.92 
0.0 
.61 
.6 
0.0 
0.0 
l.01 
.68 
.5 
0.0 
1.6 
.72 
1.98 
12.56 
23.0 
Per 
Cent 
Entries 
0.0 
.3 
0.0 
.24 
0.0 
.73 
0.0 
0.0 
.35 
0.0 
.21 
0.0 
0.0 
1.26 
.5 
.98 
.5 
1.17 
22.5 
.24 
0.0 
16.33 
.26 
Per 
Cent 
Clean Fruit 
98.92 
98.94 
99.02 
99.0 
100 
98.29 
100 
100 
98.73 
100 
99.18 
99.4 
100 
98.47 
98.5 
98.33 
99 
98.83 
75.9 
99.04 
98.02 
71.11 
76.74 
Date 
July 17 
Final Count 
Ju'.y 17 
Final Count 
July 17 
Final Count 
.July 17 
Final Count 
Omitted 
July 17 
Final Count 
July 17 
Final Count 
July 17 
Final Count 
Omitted 
July 17 
F inal Count 
July 17 
Final Count 
July 17 
Final Count 
July 17 
Final Count 
July 17 
Final Count 
July 17 
Final Count 
by much yellowing and dropping of foliage . This was no doubt caused 
by the presence of sulfur. Some malformation was noticeable on 
young leaves sprayed with the material containing the floor seal but 
mature leaves showed no injury. 
Considerable russeting· of fruit was found throughout the orchard. 
Rainy weather prevailed during the early part of the spraying season. 
There was also a variety difference, so the cause of russeting could 
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not be accurately stated. '!'he most severe russeting was found 011 
fruit treated with Black Leaf 155. Fruit sprayed with nicotine sulfate 
bentonite and oil or floor seal showed no russeting. 
Magnesium Sulfate as an Insecticide 
A review of the literature3 revealed that magnesium sulfate (Epsom 
salts) has been successfully used to kill grasshoppers, when it con-
stituted as much as 20 per cent of wheat bran bait. Knowing the 
grasshopper to be more difficult to kill by poison than most insects, it 
w'as thought that spray containing a much lower concentration of 
mag-nesium sulfate might be used on plants where the arsenical residue 
is objectionable. 
'fo ascertain the effect on foliage, plants grown in the greenhouse 
were sprayed with magnesium sulfate at the rate of 21 pounds to 
20 gallons of water. One pound of wheat paste was used as a sticker. 
This was sprayed on young apple trees, peach seedlings and tobacco 
plants without injury to foliage. Further applications to corn, potato, 
apple and peach seedlings growing outside, produced no injury to 
foliage. Concentrations as great as two pounds per gallon of water 
caused no injury to potato plants under weather conditions pre-
vailing at the time. 
Mcintosh apple trees were sprayed with magnesium sulfate ( 12-! 
pounds to 100 gallons) using five pounds of wheat paste as a sticker. 
'fhis was applied according to the regular spray schedule and by the 
same equipment .used on other trees. 
The magnesium sulfate-wheat paste treatment offered but little pro-
tection against codling moth. On July 17, 22.6 per cent of the fruit 
so treated showed injury as compared with 29 per cent for the un-
treated fruit. Since the number of stings was small as compared with 
the number of entries, it would seem that magnesium sulfate was not 
toxic to the codling· moth larvae. This may have been due to the 
concentration at which the material was used or to failure to with-
stand weathering or to both. 
Potatoes grown in fiats were infested with Colorado potato beetles 
and placed under screen wire cages. When the nymphs were about 
one week old, one group of plants was sprayed with magnesium sulfate 
at a concentration of one pound per gallon of water and another at a 
rate of two pounds per gallon, using wheat paste as a sticker. Since 
the number of beetles present was not known, the percentage kill could 
not be determined. The larger nymphs, perhaps half the size of the 
adult, seemed to suffer little ill effect from the spray. About half 
of those from one to two days old were dead in two days' t ime. 
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TABLE 2*.-TEMPERATURE AND PRECIPITA!rION RECORD FOR APRIL, MAY AND 
JUNE AT COLUMBIA. 
April May June Temperature Precipi- Temperature Precipi- Temperature Precipi-Date Max. Min . tation Max. Min. tat ion Max. Min. tation 
l 49 36 .12 74 49 .05 89 69 
.02 2 69 33 0 61 54 1.64 89 66 .57 3 72 44 T 60 54 .36 70 62 .64 4 45 35 .34 71 55 .42 82 62 
.48 5 42 33 0 71 52 0 79 59 .22 
6 56 28 0 71 50 0 75 55 0 7 61 46 0 76 49 .06 80 56 0 8 50 43 T 71 56 0 83 57 .13 9 53 36 0 71 55 0 64 53 1.14 10 56 31 0 70 51 0 66 52 
.13 
11 61 33 0 80 55 0 70 59 0 12 62 44 .15 73 59 .21 83 59 0 13 79 47 .56 59 53 0 88 64 .57 14 75 59 T 63 49 0 84 68 .03 15 63 48 0 74 46 T 76 63 .01 
16 70 44 0 79 55 T 79 66 .06 17 84 62 0 77 52 0 87 64 0 18 69 53 .49 86 57 0 88 69 0 19 74 47 0 78 55 0 93 69 0 
20 61 54 .45 88 62 0 93 75 0 
21 69 53 .04 74 61 1.05 9:l 76 0 
22 86 50 0 69 55 .60 88 66 0 
23 84 59 .34 77 50 0 94 69 0 
24 61 45 T 80 61 0 98 77 0 
25 48 36 .08 84 66 .19 99 77 0 
26 47 37 .05 78 67 .09 ~4 75 T 
27 57 40 .01 82 61 0 80 67 T 
28 53 47 .74 88 66 T 86 66 0 
29 77 53 .40 91 70 0 84 63 .02 
30 72 54 0 89 71 T 79 58 0 
Sl 89 68 T 
Mean 63 .5 44.3 75.9 56.9 83 .7 6•.7 
Normal 63.3 44.l 3.77 74 .9 53.6 4.67 83.9 62.9 4.76 
Total Precipitation 3.75 4.46 4.01 
•courtesy Unite(! States Weather Bureau, Columbia, Missouri. 
A second application was followed by cloudy weather and a 
temperature of 78°F., with a high relative humidity. The spray did 
not dry for more than two hol.lrS after being· applied. This caused 
immediate injury to the plants and resulted in their death in two days. 
Sweet corn grown in pots was started in the greenhouse and trans-
ferred to the outside after the frost-free date. The corn soon became 
infested with corn ear worms and was sprayed with magnesium sulfate 
(2f pounds to 20 gallons of water). 
Twelve hours after the corn was treated the ear worms had stopped 
feeding and moved but little when they were touched. The following 
day none could be found except those feeding in such places where 
the spray could not be applied. A hard rain during the night may 
have been responsible for washing them away. 
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On June 26, sweet corn grown iu the field was sprayed with mag-
nesium sulfate ( 1/z pound to 1 gallon of water). An adjacent row 
was sprayed with Black Leaf 155 at the rate of 8 pounds to 100 gallons 
of water. Some larvae were present at the time of spraying. 
No worms were found in the ears treated with either magnesium 
sulfate or Black Leaf 15·5. Determinations were made July 10. Ad-
jacent rows receiving no treatment showed a light infestation but the 
percentage was not determined. Since the corn treated was in the 
rows along the side of the field, and since birds injured some of the· 
ears, they may also have destroyed some of the worms. 
Silkworms given mulberry leaves which had been sprayed with 
magnesium sulfate (1 pound per gallon) feel for only a short time fron1 
the treated leaves. They refused to eat for a time but after twenty-
four hours fed normally when given fresh leaves. The magnesium 
sulfate seemed to have a repellent effect on the silkworm, so the con-
centration was lowered to 2J pounds in 20 gallons of water. They 
ate this more readily but seemed to suffer ill effects in a few hours. 
The injury was only temporary, however, as they feel normally on 
fresh leaves after three days. r.,ater they made cocoons and seemed 
in every way to be normal. 
Repellents 
Paradichlorobenzene and beta-naphthol are both known to have· 
insecticidal value as well as a repellent action on some insects. Their 
merits as spray materials were investigated. Since paradichloro-
benzene and bcta-naphthol are solid materials and insoluble in water,. 
a solvent was used to get them into solution and then in suspension .. 
'fhe following mixture accomplished this: 
Beta-naphthol . . . . . . . . . . . . . . . . . . . . . . . . 2 ounces 
Acetone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 ml. 
Diglycol laurate . . . . . . . . . . . . . . . . . . . . . . 20 ml. 
Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1! gallons 
Mixed to a volume of 6 gallons with water. 
The beta-naphthol was dissolved in the acetone, then emulsified with 
the water after the addition of clig·lycol laurate. A similar emulsion 
of paradichlorobenzene was used. 
lJarvae of codling moth in the cocoon stage were placed in groups· 
of ten in the forks of apple trees, this being as nearly as possible· 
their natural position. To one group the paradichlorobenzene emulsion 
was applied, to another beta-naphthol emulsion, and a third was left 
untreated. 
After ten days' exposure, the cocoons were collected and examined. 
One had died in the group treated with beta-naphthol, all were alive· 
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TABLE 3a.-NUMBER OF MOTHS CAUGHT PER DAY IN TEN TRAPS FROM 
MAY 10 TO JULY 1. 
Date Number caught Date Number caugnc 
May 10 0 May 26 5 
11 0 27 0 
12 u 28 0 
13 0 29 0 
14 0 30 0 
15 0 31 l 
16 0 June 2 l 
17 0 7 l 
18 0 8 1 
19 2 9 l 
20 l 10 0 
21 2 20 0 
22 0 25 0 
23 3 30 0 
24 6 Total caught 24 
25 l 
*Courtesy Mr. H. E . Brown , Department of Entomology , University of Mis souri. 
·in the other groups. The cocoons were placed in a refrigerator until 
.June 1. When brought into a warm room they emerged and seemed 
in every way to be normal adults. 
Greenhouse plants were sprayed with paradichlorobenzene and beta-
naphthol emulsions to determine the effect on foliage and on aphids. 
-Since the iirst mixture did not g'ive a good emulsion, the emulsifying 
.agent (diglycol laurate) was increased to one ml. per gram of crystals 
used. By heating the crystals and the emulsifying agent until they 
-were dissolved, a good emulsion was obtained without iirst dissolving 
·the crystals in acetone. The acetone was therefore omitted. 
Young peach seedlings infested with green aphids were sprayed 
-with one gram of paradichlorobenzene in iive hundred ml. of water 
:Plus ten ml. of the emulsifying agent. Similar emulsions with beta-
naphthol were used. Another was sprayed with the emulsifying agent 
and water. The following day all the aphids were dead on the 
-treated plants. Much foliage injury was noticeable so the amount of 
·emulsifying agent was reduced to a quantity where it caused no 
·foliage injury. This mixture carried one gram of the crystals of 
paradichlorobenzene or beta-naphthol to iive hundred ml. of water. 
The beta-naphthol emulsion caused injury so severe to young apple 
-trees growing in the greenhouse that in three days the leaves were 
crisp and broke when bent. Even the bark of young shoots appeared 
-to be dead but later produced new leaves. The injury from the 
-paradichlorobenzene emulsion was less severe but completely defoliated 
-the plants. 
Potato plants grown in the greenhouse were treated with paradich-
lorobenzene emulsion. The leaf and stem growth were killed to the 
:ground but later developed side shoots. 
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From these trials it appeared that paradichlorobenzene and beta-
;napl1thol emulsions caused too severe injury to lirowing tissue to 
permit their use in spray materials. They were ineffective in the 
·control of green aphids unless used at a concentration great enough 
to cause foliage injury. 
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